Introduction
Lymphatic filariasis (LF) is a mosquitoborne parasitic infection that is best known for causing elephantiasis and hydrocele, conditions that prevent affected persons from living full and productive lives and may isolate them from family and community [1, 2] . Haiti is one of only four countries remaining in the Americas where transmission of LF still occurs [3] . Given that a clear relationship between poverty and the occurrence of LF has been established and that Haiti has the highest poverty rate and poorest health indicators of the countries in the Western Hemisphere, it is not surprising that Haiti also has the greatest burden of LF infection and disease [4, 5] . The Culex quinquefasciatus mosquitoes that transmit LF in Haiti are adapted to breed in conditions in which the environment has been degraded, a description which applies to much of Haiti's countryside, but increasingly so in urban and peri-urban locales as well as in the areas affected by the aftermath of the earthquake early in 2010.
Significant progress has been made in the effort to develop a national LF program in Haiti, thanks to the highly motivated staff of the Ministry of Public Health and the Population (MSPP) and partners and critical funding support from the Bill & Melinda Gates Foundation, the United States Agency for International Development (USAID), the Centers for Disease Control and Prevention (CDC), CBM, the Inter-American Development Bank (IDB), the Abbott Foundation, PepsiCo, the Frank Eck Family Foundation, and other private donors. This manuscript will review Haiti's remarkable success in overcoming a host of challenges in the ongoing effort to eliminate LF, support persons disabled by LF, and control neglected tropical diseases (NTDs).
Lymphatic Filariasis in HaitiDefining the Problem
Studies to characterize the epidemiology of LF in Haiti were carried out in the 1970s and 1980s by Dr. Christian Raccurt and colleagues [6, 7] . These surveys, conducted prior to the development of antigen detection tests, indicated that LF was concentrated in the coastal plains. With the advent of rapid antigen detection assays, MSPP and partners were able to undertake a more extensive national survey, thanks to critical funding support from the Bill & Melinda Gates Foundation. In each of Haiti's 133 communes or districts (at that time), 100-250 schoolchildren (ages 6-10) were tested for circulating filarial antigen (CFA) using a rapid immunochromatographic (ICT) test [8] . The results showed that approximately 90% of the communes were classified as in need of mass drug administration (MDA) following the guidelines developed by the World Health Organization (WHO) (1% infection prevalence threshold), representing an at risk population of nearly 8 million people [9] . Subsequent surveys identified autochthonous transmission in low-prevalence communes [10] . These results, demonstrating that LF is more widely distributed than earlier surveys had indicated, may reflect low-level or seasonal transmission that was previously unrecognized, the expansion of Culex and LF transmission into previously LF-free areas, population migration, or some combination of all of these.
Approach of the National Program to Eliminate LF
Following the completion of mapping, the MSPP established the National Program to Eliminate LF (NPELF) with three goals: (1) to interrupt transmission, (2) to reduce the suffering of persons with clinical and chronic manifestations of LF, and (3) to encourage positive health behaviors. During the first years of the NPELF, the main focus of the program was to interrupt transmission. To achieve this, communes were categorized according to their endemicity level as defined by the CFA surveys into high ($10%), moderate (5%-9.9%), low (0.1-4.9%), and nonendemic communes ( Figure 1 ). Treatment was targeted to the most highly endemic communes with a secondary goal of selecting communes in different geographic regions of the country. The initial plans called for doubling the population targeted for MDA each year for three years until full national coverage could be achieved, but because of financial and logistical limitations, this plan was modified after consideration of how to best maximize finite resources. Consequently, MDA activities were scaled up in the most highly endemic communes within the limitations imposed by the funding support available.
Mass Drug Administration (MDA) and Scaling Up
MDA in Haiti first started in Léogâne under the umbrella of a CDC-funded demonstration project with diethylcarbamazine (DEC) and albendazole in 2000 [11, 12] . This project provided an opportunity to pilot social mobilization and drug distribution strategies for Haiti. Based on this experience, the NPELF, in partnership with the University of Notre Dame (South Bend, Indiana, United States), Hôpital Ste. Croix (Léogâne), CDC (Atlanta, Georgia, US), and Interchurch Medical Assistance (now called IMA World Health), expanded the MDA efforts to other regions of Haiti.
The approach used in most of the communes included a number of training sessions prior to each activity. Training for community leaders was conducted to sensitize and educate them about LF, including how to organize the MDA.
Training sessions on health communication were organized in each community and focused on main messages related to LF treatment, transmission, and prevention, as well as the clinical manifestations of LF. Training was followed by an intense social mobilization campaign using available media including banners, posters, audio spots on local radio stations, and messages delivered by megaphones to inform and encourage the population to participate in the MDA [13] . Finally, just prior to the distribution, a team from the NPELF and local partners trained the distribution-post volunteers to carry out the MDA and to manage treatmentrelated adverse events [14] . Based on the Léogâne experience, it was decided to use distribution posts as the primary delivery model for MDA. Sites selected to serve as distribution posts included schools, markets, health facilities, churches, and local gathering places. Each post was staffed by three or four volunteers responsible for motivating the population to participate in MDA, registering participants, and distributing the drugs. Staff from the NPELF, partners, and local representatives of the MSPP provided supervision. Basic medications for treatment of minor adverse events (acetaminophen and ibuprofen) were provided at the distribution post, while, for more serious adverse events, persons were referred to health centers or the local hospital, where they were treated free of charge [14] . As per WHO guidelines, children aged less than two years and pregnant women were excluded from treatment. Reported coverage data by age and gender were collected from each distribution post, and MDA programs also were evaluated through knowledge, attitude, and practice (KAP) surveys, coverage surveys, and impact assessments [12, 15, 16] . In general, surveyed coverage exceeded 70% but was 10%-20% lower than reported coverage, at least in part because of differences between the population numbers derived from coverage surveys and the official population statistics that were used as the denominator.
During 2000-2002, only the commune of Léogâne was treated (census population: 157,000). In 2003, the NPELF and IMA World Health each targeted four new communes with a population of 492,000. In subsequent years, the partners added communes as shown in Figure 1 until, by 2005, a population of around 1.7 million people in 24 communes was targeted for MDA. Though this number only represented 19.6% of the total population at risk, the proportion of infected person targeted was much higher because of the initial decision to target the most highly endemic communes. 
Challenges to the Program

Reviving the NPELF
Extensive advocacy efforts were needed to convince donors that the LF program in Haiti was providing health benefits and that it could succeed. With the funding stream restored in late 2006, the program was able to return to the level of geographic coverage attained in 2005. In addition, a new award from RTI/USAID also resulted from the increasing interest of the international donor community in the integration of delivery of preventive chemotherapy for NTDs. Both LF and intestinal helminth infections represent public health concerns across Haiti [8, 18] . The LF program delivers important public health benefits through the coadministration of albendazole with DEC [19] . The new funding allowed the NPELF to move away from a focus on communes with the highest endemicity toward a strategy focused on 100% geographic coverage across all depart-ments (provinces). The NPELF reached 2.35 million people in 2008 and 4.5 million in 2009 (Figure 2 ). The growth of the program was accompanied by important economies of scale; the cost of annual treatment per person decreased to less than US$0.50, a dramatic reduction from the US$2.23 reported in the first days of MDA in Léogâne [11, 20] .
With a more stable funding base, the NPELF developed plans to cover the entire country with MDA, with the exceptions of the metropolitan area of Port-au-Prince, again due to resource constraints, and the island of La Tortue, where two rounds of MDA have apparently interrupted transmission (Hemme et al., unpublished data; manuscript in preparation). Even as the program scaled up, natural disasters continued to present challenges. Four hurricanes hit Haiti in rapid succession in 2008, leading to widespread flooding and delays in implementing MDA in Gonaives and elsewhere.
The 2010 earthquake coincided with one of the regularly scheduled meetings of NTD partners in Haiti. A staff member for one of the partners died in the collapse of his home, and several others were trapped in the wreckage of the meeting venue. The earthquake caused massive destruction in Port-au-Prince and throughout the West Department, killing more than 300,000 people and displacing more than a million more. On the heels of the earthquake's devastation, a cholera outbreak started in the center of the country during October 2010 and spread nationwide within a little over a month [21] . In the face of the enormity of the setbacks centered on the urban population area that still required initial implementation of MDA, the Pan American Health Organization (PAHO), IDB, and the Global Network for Neglected Tropical Diseases (GNTD) hosted a meeting of partners and donors to regroup and establish new plans for the program. The partners affirmed their support for NTD control and elimination of LF, and the donor community responded. With new funding for MDA in Port-au-Prince from CDC and others, Haiti was finally poised for the first time to achieve full coverage of the entire country with MDA, with a population in excess of 10 million.
By February 2012, MDA was completed in the final six communes comprising the metropolitan area, bringing the total number of people treated nationwide to 8.1 million (Figures 1 and 2 ). Due to uncertainty of the denominator size of the population of the greater Port-au-Prince area after the 2010 earthquake and the resulting migration, an MDA coverage survey was conducted, which confirmed 71% (95% CI 69%-74%) of the metropolitan population had swallowed a tablet distributed by MDA [22] . With the program in Port-au-Prince achieving adequate population coverage, all the current 140 communes of Haiti had been covered by at least one year of MDA.
Technical Challenges
The realization of full national coverage fulfilled the first step toward successful elimination of LF from Haiti (Figure 3 ), but interrupting transmission of LF will require committed partners, a continued focus on fund raising, and, likely, innovative intervention strategies. As noted above, inconsistent funding and irregular MDAs represent a significant and ever present threat to the success of the program [17] . In addition, based on the results from Léogâne, where there is evidence of ongoing transmission despite more than five years of good coverage [12] , interrupting transmission in the areas of highest prevalence will require either more than five years of MDA or new approaches to increase the effectiveness of MDA. In Léogâne, persons who consistently fail to participate in MDA have been suggested to represent a reservoir of infection [23, 24] . Working in India, Cantey and colleagues have shown that introduction of community-wide lymphedema treatment programs can increase MDA compliance [25] ; perhaps this approach can be adapted to the program in Haiti. If compliance can be improved, MDA could be conducted twice per year to hasten the interruption of transmission [26] .
In principle, DEC-fortified salt represents an alternative approach that can facilitate elimination of LF [27, 28] . In addition, when co-fortified with potassium iodate, its distribution assists in the elimination of iodine deficiency disorders as well. DEC-fortified salt also has the potential to be less expensive than MDA and, based on pilot studies in Haiti and elsewhere, more effective as well [28, 29] . In fact, achieving broad distribution of DEC-fortified salt will significantly impact the need for and duration of MDA programs, potentially achieving a material reduction in overall program costs. The local manufacture of co-fortified salt has been ongoing since 2005, with Hopital Ste. Croix, University of Notre Dame, and other partners assisting with processing of fortified salt at a MSPP-directed facility in Port-au-Prince. Distribution of 300-500 metric tons of salt per year (1%-2% of national consumption) is focused on Léo-gâne and nearby communities.
Recent developments within the salt project raise the prospect of a significant increase in the production and distribution of co-fortified salt, including the establishment of a three-year technical services agreement with Cargill Salt, an upgrade in the salt production facility to allow production of 3,000 metric tons per year, and development of a National Salt Strategy to regulate food-grade, fortified salt. All of these steps will facilitate a transition to processed food-grade salt, with the potential to greatly assist the sales and marketing of DEC-fortified salt.
Another possible way to accelerate the elimination of LF could be through the use of insecticide-impregnated materials distributed to control and eventually eliminate malaria from Hispaniola [30] . With support from the Global Fund, more than 3 million long-lasting insecticide-treated nets (LLIN) have now been distributed across Haiti. Although C. quinquefasciatus, the vector of LF, is thought to be less affected by LLIN than Anopheles spp., it is likely that such a program may, nonetheless, reduce human-mosquito vector contact and contribute to interruption of LF transmission. Other vector control methods, including source reduction and the use of polystyrene beads to interfere with larval development, have not been widely implemented in Haiti, primarily for cost and practicality considerations.
Morbidity Program
Though targeting LF morbidity was originally described as the second pillar of the global program to eliminate LF, establishing strong systems for providing care for patients with morbidity due to LF has been a challenge for many countries [3] . The second goal of the program was addressed initially in Haiti by providing lymphedema management support at two referral centers, Hôpital Ste. Croix in Léogâne and Hôpital Sacre Coeur in Milot (near Cap Haitien). Since the beginning of the national program, more than 1,500 patients have received care for lymphedema, and more than 50 health workers were trained. Clinical care was supplemented through home visits and by establishing patient support groups [31] . These programs suffered from lack of continuity because of the funding problems noted above. One clinic was closed, and the NPELF was not able to extend services to other communities. New donor support has opened the door to the continuation of patient support groups with a focus on basic self-care through hygiene promotion and the provision of livelihood opportunities. Ten self-help groups of 20 people (primarily women) have been formed in Léogâne, and work is underway to establish patient groups in Carrefour. With a renewed focus on patient advocacy, these programs should reinforce the MDA program by increasing awareness of the causes of lymphedema and elephantiasis and reduce the social stigma faced by those who suffer from the disease.
Surgery using appropriate technique is necessary to provide a long-term solution for patients with hydrocele. A training program was established at Hôpital Ste. Croix to provide experience in the surgery technique pioneered by Professor Joaquim Noroes in Recife, Brazil, and recommended by WHO, in which the entire tunica vaginalis is excised [32] . To date, more than 2,000 hydrocele surgeries have been performed in Léogâne. Building off this experience base will require more training of local surgeons and donor support to reduce the cost of surgery for affected patients.
Looking Forward
The MSPP in Haiti is determined to interrupt LF transmission and control intestinal helminths using MDA in combination with other approaches. Despite a host of challenges, the LF program stands as an exceptional public health success in Haiti. MDA is popular both with MSPP and communities because of the significant public health benefits that it delivers. Even in settings that are characterized by political and civil strife and natural disasters, MDA can continue to provide a platform for delivery of health services to impoverished communities. The appeal of this message extends beyond Haiti to other countries facing crushing poverty and civil strife. LF and other NTD programs represent an inviting opportunity to engage communities that frequently lack organized public health activities and to provide them with significant public health benefits. Haiti is prepared to meet the technical challenges that need to be addressed to end transmission of LF, to extend care to all those already affected by this disease, and to extend these successes to other public health problems facing the country.
